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1 Introduction / 96* 

Recently, there has been a demand for mobile telecommunication 
systems capable of multimedia (audio, data, images) transmissions for 
future personal communication devices. Since packet communication 
technology is flexible enough for various media, multimedia 
communications is one of these technologies. Mobile telecommunication 
systems introduced circuit switching but in the future packet 
switching with wireless channels should be developed. Under these 
circumstances, there has been extensive research on CDMA packet 
communication systems [l]-[5]. 

Since there are problems with distances on CDMA mobile 
telecommunication systems, there is a goal of increasing the light 
channel capacity, which necessitates transmission power control 
[6] , [7] . For CDMA packet communications, conducting transmission power 
control improves maximum throughput [4] , [5] . However, throughput 
performance rapidly deteriorates as the offered load increases, lower 
than performance without transmission power control. Since the 
reception power for each packet is controlled to the same as at base 
stations, when many packets arrive at the base station simultaneously, 
the required quality for all of the packets cannot be obtained due to 
multiple connection interference. Until recently, with mobile 
telecommunications systems based on circuit switching, it has been 
possible to easily perform traffic control via call connection control 

* Numbers in the margin indicate pagination in the foreign text. 
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(setting) . Thus, there have been no particular problems with 
deterioration in performance under heavy channel loads. For future 
mobile telecommunications, while it is thought that wireless service 
will be available without conducting call connection control, in this 
case, tracking control is supposedly difficult. If there is a 
temporary heavy channel load due to traffic variations, the 
transmission efficiency with existing transmission power control 
methods will lead to a dramatic deterioration of service performance. 
As a result, there is a need to improve heavy channel load 
performance. For this deterioration in heavy channel load performance, 
the capture effect [8] -[10] due to received power variance is known to 
improve throughput performance using narrow band packet communications 
such as TDMA and FDMA. Because of . this capture effect, the base 
station can properly receive large power packets to meet quality 
requirements even during packet consolidation. Therefore, to alleviate 
deterioration of performance under heavy channel loads with CDMA 
packet communication systems, it is necessary to obtain a new 
transmission power control method capable of providing a smooth 
capture effect with receiving power variances. 

This paper proposes a new transmission power control method for 
CDMA slotted-ALOHA packet communication. This method adaptively 
controls the target received power for packet communication at base 
stations according to the offered load and the location of mobile 
stations. The target received power setting functions for base 
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stations are set when setting the target received power for mobile 
stations and this function is controlled according to the offered 
load. Depending on the distance from the base station during 
connection, the mobile station automatically determines target 
received power value using the target received power setting function. 
Since the target received power differential with the mobile station 
increases under heavy channel loads as the distance from the base 
station increases, a capture effect is achieved by controlling the 
target received power setting function. In this manner, by controlling 
the transmission power of the mobile station as it approaches the cell 
boundary, interference with the neighboring cell is reduced. Computer 
simulation was conducted for performance evaluation in the case of 
perfect and imperfect transmission power control in cellular 
environments. Results show that this has superior transmission 
characteristics relative to the existing transmission power control 
method. 

2 Transmission Power Control in CDMA Slotted-ALOHA Communications 

Transmission power control methods investigated with CDMA mobile 
telecommunication systems are generally classified into open loop 
control and closed loop control methods. With circuit switching based 
systems, these two methods have been used jointly for transmission 
power control that is extremely accurate. With CDMA packet 
transmission systems, in particular random access systems such as 
slotted-ALOHA access protocol, closed loop control is difficult due to 



control data transmission on declining circuits. This paper only 
targets open loop transmission power control for investigation. 

2.1 Open Loop Transmission Power Control 

With open loop transmission power control, it is thought that the 
declining circuits and rising circuits have the same propagation 
attenuation. The propagation attenuation for pilot signals such as 
declining circuit signals was measured (hypothetical) by the mobile 
station. That value was used as a base for determining the rising 
trend for transmission power. Using the target received power P tgt (i) 
at the base station for the packet from the mobile station i, the 
•P'loss (i/j) of the declining propagation attenuation from the base 
station (base station j, for example) is estimated (hypothesized) and 
the mobile station packet transmission power P tx (i) is calculated 
according to the following formula. 

Ptx(i)= PtgtU)* P'loss (1) 

With FDD (Frequency Division Duplex) systems, since the 
rising/declining propagation path is not always identical, the control 
accuracy of the open loop control is lower than that of the closed 
loop control and so control errors are expected. Errors include those 
when estimating (hypothesizing) the declining propagation attenuation, 
so Perr(i) is used for the open loop control error. Then the actual 
received packet power P rx (i) at the base station becomes 
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Adaptive transmission power control 



Prx(i)= Ptgt(i)* ^err(i) 



(2) 



With existing methods that control the target received power, the 
target received power P tgt (i) for all of mobile stations connected to 
the same base station is set to be the same. 
2.2 Problems with Existing Methods 

Using this type of transmission power control can improve the 
maximum throughput for CDMA packet communication systems. Throughput 
performance under heavy channel loads dramatically deteriorates to a 
point where the performance appears as though there is no transmission 
power control. As shown in Figure 1, with existing methods, the 
received power for each packet is controlled to about the same as the 
base station. Thus, when many packets arrive at the same slot, this 
volume exceeds the threshold volume for multiple connection 
interference and so the reception quality for all of the packets 
deteriorates such that simultaneous reception becomes impossible. The 
rapid deterioration of throughput performance under heavy channel 
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loads will cause problems in the future with deteriorating wireless 
services for mobile communications due to difficulties in traffic 
control . 

3 Adaptive Channel Load Transmission Power Control 

Adaptive channel load transmission power control is presented as 
a method to alleviate the aforementioned problems. The control target 
with this method utilizes the target received power P tgt for the 
received packet at the base station, and the target received power 
value is controlled based on the offered load and mobile station 
location. As shown in Figure 2, the packet transmission power is 
calculated according to formula (1) for each mobile station, based on 
the target received power P tgt determined according to each location 
and offered load. 

3.1 Target Received Power Value Setting 

The target received power value for the mobile station is 
determined by the target received power setting function. The target 
received power setting function is a simple function as shown in 
Figure 3. In Figure 3, P tg t-b is the standard target received power 
that corresponds to the target received power for mobile stations in 
the vicinity of the base station. R± p is the inflection point of the 
target received power setting function and the target received power 
for the mobile station where the distance from the base station is 
less than J?i P is set as the standard target received power Ptgt-b- AP tgt 
is the differential between the target received power for the mobile 
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station at the edge of the cell (the point where the distance from the 
base station is the same as the cell radius R ce ii) and the standard 
target received power. 

It has been repeatedly reported that the value of the inflection 
point .Rip and the target received power differential AP tgt corresponds 
to that of all mobile stations within the cell. Thus, it is possible 
to calculate the target received power P tgt corresponding to the 
individual mobile station position. 

With a distance d from the base station, the target received 
power P tg t(d) for the mobile station is: 

(d) = -Ptgt-b APtgt (Rip - d) ; d> flip (3) 

Ptgt-b -Rip- -Rcell /' d< Pi p 




0 



flip flcell 

Distance from BS d 



Figure 3 



Function of target received power 



9 



signal 







Baseband 
processing 


Receiver 





Received 
packet 



Nrx(t) 
measurement 



C Delay 7bbs| — | 



Broadcast 
signal 



Figure 4 







decision 




calculation 








Control of difference in target received 



power 



"V 

M 

Figure 5 Cell model 



As shown with Formula (3) or Figure 3, the target received power 
value decreases as the distance from the base station increases so the 
transmission power of the mobile stations near the cell boundary can 
be controlled. With this method, it is expected that the interference 
to surrounding cells will decrease. 
3.2 Target Received Power Control 

As shown in Figure 3 , the AP tgt in the target received power 
setting function adjusts according to offered load so the target 
received power P tgt for each mobile station can be controlled. Figure 4 
shows a block diagram of the control sequence. It is difficult to 
precisely know the offered load for the base station. However, with 
this method, the offered load is believed to be the packets properly 
received N rx at the base station within the observation period T 0 b S . N rx 
is observed at the base station and compared with the N rx of the 
previous observation period to obtain AP tgt . With N rx (t) as the received 
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packet amount observed during time t, A/> tgt is updated with the 
following control algorithm. 

AP m (t + 1) = AP V (t) * p s(t+1) (4) 

And 

S(t+1)= (-l)*S(t); N rx (t)< N rx (t-1) 

S(t) ; otherwise (5) 

In formula (4) ,(5), AP lgt (t) is AP tgt for time t, while AP, gt (t+1) is 
A/\ gt for the following observation period. (3 is the updated numeral 
when (3 is a real number ((3^1.0). Function S(t) shows the control 
direction such as S(t)=l or -1, S(0)=1. 

With this formula, AP tgt is updated as N rx increases. 
4 System Model (Simulation) 

As shown in Figure 5, the system under investigation is a 
multicell system for a cellular environment. The following assumptions 
were made. 

• The service area was formed of MxM cells. The cell arrangement was 
standard 6-sided microcells centered around a base station. Each 
base station utilizes pilot signals. 

• Mobile stations are uniformly dispersed within the service area. 
The DS/CDMA method was used to transmit packets to the base station 
to receive the strongest pilot signal. Each packet was subject to 
diffusion modulation using varying diffusion codes. 

• With the access method, slot synchronization was completed for all 
base stations with slotted-ALOHA. The diffusion code 
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synchronization varies with the distance between the bases station 
and mobile station so was not completed. 

• Wireless channels were shadowed using a 3 logarithmic normalized 
distribution between the a power range loss and the standard 
deviation. Phasing effect was not taken into consideration. 

• Range loss and shadowing can be guaranteed with transmission power 
control. The transmission power was set in one packet transmission. 
The received power was set in another packet reception at the base 
station. If there was a control error for the transmission power 
control, the control error should follow the standard deviation of 
the Ope logarithmic normalized distribution. 

• The distance between the mobile stations and the base stations can 
be precisely known while connected. 

• All of the declining circuit signals can be properly received by 
the mobile stations. 

• Control speed is much faster than mobile speed. 
4.1 DS/CDMA Channel Model 

In order for wireless channels to receive range attenuation and 
shadowing, the received power at packet base station j sent by the 
mobile station i at a transmission power of P t x(i) is shown by 
the following. /99 

P*(i, = I0 s(i ' j)/1 ° 

D(i,j) a (6) 
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Here S(i,j) is the shadowing value for the path from mobile station i 
to mobile station j and d(i,j) is the distance from mobile station i 
to mobile station j. The signal power vs. interference power ratio 
SIR C onn(i) for the packet transmitted from mobile station i via the 
connection with base station 1 is shown by the following formula. 
SIRconn(i) - SF*P„(i,l) 

S /Uk,l) (7) 
Here, SF is the rate of diffusion, K is the number of packets 
simultaneously reaching base station 2. In this paper, the packet 
success rate /> s (i) is determined according to the following simple 
function. 

P s (i)= 1; SIRconn(i)^ SIR req 

0; otherwise (8) 
Here, SIR req is the SIR necessary for the base station to properly 
receive the packet. 

In these investigations, packets from other mobile stations 
within the same cell and from mobile stations in the adjacent 6 cells 
are considered interference. 
4.2 Mobile Station Model 

The average mobile station space for each cell follows T s i ot /G 
exponential distribution. Here, T s i ot is the slot duration and G is the 
offered load for each cell. Each mobile station generates a single 
packet immediately after an occurrence. Then packet generation for 
each cell follows the Poisson process. 



13 



Packets retain the same fixed length as the slotted cycle T s i ot 
and were transmitted at the top of the subsequent slot. After packet 
transmission, the. mobile station was removed from the system, 
regardless of the reception success/failure of the transmitted packet 
at the base station. Resending the packet was not considered. 

4.3 Comparisons 

Performance evaluation consisted of comparing the current 
transmission power control method with cases where transmission power 
control was not conducted. 

• Conventional TPC 

The reception power of packets received by the base station was 
uniformly controlled. The target reception power value was set to 
be the same for all mobile stations within a cell. 

• Non TPC 

Packets were transmitted at the same transmission power as all 
mobile stations. The packet reception power to the base station was 
based solely on range attenuation and shadowing. 

4.4 Evaluation Items 

Evaluation items included throughput S and average transmission 
delay D, defined as follows. 

• Throughput S: S= N sucs /N s i 0 t 

N S ucs is the correct number of packets received by the base station, 
Nsiot is the total number of slots during the observation period. 

• Average transmission delay D: D= N re tx/T re tx 
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Nretx is the average number of times resent, T re tx is the interval for 
resending. The average number of times resent N ret x is shown by N ret x 
= N crp t/N sucs . N crp t is the number of packets that could not be 
received by the base station due to not satisfying the SIR req . For 
evaluation of the average transmission delay D, as shown in Figure 
6, all of the packets transmitted within the observed cells were 
divided into 2 N d i v concentric rings with the same area according to 
the distance from the base station. Ringl shows the closest 
(adjacent to the base station) and RingN d i V shows the ring at the 
edge of the cell. 




Figure 6 Dividing the cell into *Vdi v rings 

5 Simulation Results 

Performance evaluation was conducted by computer simulation. The 
primary simulation parameters are shown in Table 1. 

Statistical data was obtained from the central cell in the 
service area. 

5.1 Perfect Transmission Power Control 

The throughput properties S shown in Figure 7 are for perfect 
transmission power control. The horizontal axis shows the offered load 
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G applied to each cell. The properties shown in Figure 7 are 
properties for when the initial AP l$t value , the updated coefficient (3 
and the target reception power setting function inflection point Ri P 
are 3.0dB, 1.1 and 0 . 5xR ce n respectively. In Figure 7, the throughput 
S for the non TPC, conventional TPC and proposed TPC are shown by the 
dotted line, dashed line and solid line respectively. When compared 
with the non TPC, the conventional TPC has a significantly improved 
maximum throughput, with the same effect as noted in references 
[4] , [5] . The conventional TPC throughput properties experience a 
dramatic deterioration in offered load after reaching the maximum 
throughput, worse than the non TPC. With the proposed TPC, 
deterioration of the properties in that range is minimal, to maintain 
a nearly maximum throughput. Under heavy channel loads, the throughput 
for the proposed TPC was much better 



/100 



Table 1 e . , . 

Simulation parameters 



Service area (.\/ x M) TIT? fcelli) 

Cell radius U5 (m) 

Propagation loss coefficient (a) 3.5 (power) 

Shadowing standard deviation (<x 4 ) 7,0 (dB) 

Spread factor (SF) 16 

Slot duration (r, Iet ) 4 (ms) 

Required SIR (S/*^) 5.0 (dB) 

Channel load observing duration (T 0 b.) 100 (slots) 

Offered channel load (G) variable (packet s/7Wcell) 

Power control error standard deviation (<r p# ) variable (dB) 

Number of division of the cell (iVdtv) 10 



than the conventional TPC. With offered load G at 3 . 5 times, the 
improvement was about 10%, and 25% at 4.0 times. Even during light 
channel loads, the proposed TPC had the same performance as 
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conventional TPC while better performance was exhibited for all load 
ranges. With these results, using the proposed TPC can expand the 
range for application. 

Figure 8 shows AP tgt when the offered load G is increased. The + 
marks are the AP tgt values sampled during the simulation while the solid 
line is the average of these values. The dotted line shows the 
throughput properties at that point. The AP tgt can be minimized or its 
dispersion can be controlled at a channel load range to obtain maximum 
throughput. This is believed to be due to the control addressing 
distance problems. Under heavy channel loads, good control is possible 
due to the capture effect. Since AP tgt can be controlled during heavy- 
channel loads, interference on surrounding cells can be reduced. Thus 
the proposed method functions very effectively. 

Figure 9 shows the average transmission delay D for all packets 
transmitted within the observed cells. Figure 9 shows the average 
transmission delay D for non TPC, conventional TPC and proposed TPC. 
With conventional TPC, while the average transmission delay D 
dramatically increased after the offered channel G exceeded 3.5, the 
proposed TPC did not experience the same dramatic increase. An 
improvement in performance was seen when compared to non TPC, and 
excellent performance can be seen at all ranges. 

Figure 10 shows the average transmission delay D for each ring of 
a 10 ring cell shown in Figure 6. In Figure 10, the transmission delay 
D is shown for Ringl, Ring5 , Ring8 for non TPC, conventional TPC and 
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proposed TPC. D performance for each ring in the conventional TPC 
indicates the same performance regardless of ring location. This 
indicates level service regardless of location relative to all mobile 
stations within the cell. On the other hand, differences can be seen 
on the D performance for each ring with the non TPC or proposed TPC. 
With the proposed TPC, a variance between rings with a narrow range of 
loads could not be seen but the performance of Ring8 during a heavy 
channel load (G ^ 3.0) was worse when compared to Ringl and Ring5 . In 
the proposed TPC, the target received power varies according to 
location from the base station for areas with heavy channel loads so 
it appears to be due to controlling the mobile station transmission 
power at the edge of the cell. The improved performance of Ringl and 
Ring5 compared with conventional TPC is thought to be due to the 
mobile station packets on Ringl and RingS from the capture effect. D 
performance of the proposed TPC resembles the performance of 
conventional TPC at light offered load before reaching maximum 
throughput and the non TPC with improved performance at heavy channel 
loads . 

5.2 Imperfect Transmission Power Control 

Throughput S with imperfect transmission power control is shown 
in Figure 11. Figure 11 shows the performance for transmission power 
control when the power control error standard deviation a pe was 1,3,5 
and lOdB for conventional TPC and proposed TPC. Throughput performance 
of the proposed TPC is not related to the o pe value and appears to be 



18 



superior to the conventional TPC performance. Conventional TPC 
performance during heavy channel loads improved as the o pe value 
increased so for this range, the improvement of performance in the 
proposed method decreased as the o pe increased. 

Figure 12 shows the power control error standard deviat ion Op e vs 
maximum throughput S max for the conventional method and the proposed 
method. The S ma x for the proposed method was slightly higher than the 
Smax for the conventional method relative to the o pe . As the o pe 
increased the improvement of the S max also increased. This performance 
improvement is believed to cause dispersion of the packet received 
power values at the base station due to the control error of the 
transmission power control. In actual mobile packet communication 
systems, since it appears to be extremely difficult to have perfect 
transmission power control, the proposed method that improves the 
maximum throughput S max with a system that 

controls error appears to operate effectively on actual systems. / 101 

Figure 13 shows the average transmission delay D for imperfect 
transmission power control (standard deviation o pe of control error is 
5dB) . Figure 13 shows the packet D performance transmitted from Ringl, 
Ring3, RingS, Ring8 and for all regions (total) for the conventional 
method and the proposed method. In the same manner as for perfect 
transmission power control, the Total performance for the proposed 
method was superior to the conventional method. The D performance for 
the proposed method had no variance by ring so even service regardless 
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of mobile station location was possible. However, the D performance 
for the proposed method varied by ring for heavy channel loads . 
6 Summary 

Since there are high service expectations for future mobile 
communication systems, there is a goal to improve service for traffic 
control and other wireless services. This paper proposes an adaptive 
transmission power control method for CDMA slotted-ALOHA packet 
communications. Transmission properties for the proposed method were 
evaluated using computer simulation. With the proposed method, the 
throughput performance under heavy channel loads was significantly 
better when compared to the conventional method. For imperfect 
transmission power control systems, the throughput improvement tended 
to be reduced under heavy channel loads . The maximum throughput was 
better than with the conventional method and since transmission power 
control error was high, the rate of improvement increased. The packet 
transmission delay performance of the proposed method was better for 
mobile station transmission in the vicinity of the base station. 
However, the packet performance for mobile stations at the edge of 
cells deteriorated under heavy channel loads, due to geographical 
irregularities impacting the packet reception success rate. With the 
proposed method, since it is possible to avoid the dramatic 
deterioration of throughput performance under heavy channel loads, it 
is possible to expand the offered channel load for traffic control 
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service. Compared to conventional transmission power control methods, 
the proposed method improves wireless traffic control services. 

This paper proposes a CDMA slotted-ALOHA system for simple data 
transmission. The proposed method has applications for multimedia 
traffic or other CDMA packet communication systems. 
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@ 10: Offered load G versus transmission delay D 
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